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. A brief,  exploratory  investigation has been made of the  transonic 
flutter  characterist ics of a cantilevered,  zspect-ratio-4, 45O sweptback, 
untapered wing with  three  different pylon-Eounted external-store con-fig- 
ura%ions. For stores  located  near  the midsemispan and weighing  about 0.7 
of the  seaispan w i n g ,  %he f l u t t e r  speed w a s  not changed wheE the  store 
center or' grcvity w a s  noved f r m  38 t o  12 percent of the chord. The f lu t -  
ter speeds for  these two stores were from 14 t o  19 percent less than  those 
obtained  with  the wings alone a t  subsonic  speeds. The r a t e  of r i s e  03 
f l u t t e r  speed  with Mach nmiber Ln the low supersonic  range WELS &bout the 
same f o r  the wing with  stores as f o r  the  plain wing. 

Later in  the  investigatioa,  a study was  made t o  f ind a store  config- 
urstion which would have a substantially  higher  f lutter speed then was  
obtained w i t h  %he other two stores. In  t h i s  study, the  coupled-torsion- 
vibrEtion node l ines  were neasured fo r  a nmiber of stores and the one with 
the  nost forwardly located node l i n e  w a s  selected for  flutker  testing. 
This store had  about twice  the mass of each of the two previous  stores 
arld w a s  located  near t'ne t i p  with  the  store  center of gravity at 25 per- 
cent of the chord  ahead of the  leading edge. A t  the subsonic Mach nmbers, 
t he   f l u t t e r  speed was about the same as  for  the wing alone. At the  suger- 
sonic Mach  nunibem, the   ra te  of r i s e  of f l u t t e r  speed  with Mach rmriber was 
higher t h m  those  for the other two stores or f o r  the wing alone;  thus, 
at a Mach nunber of 1.15 t he   f l u t t e r  speed was 19 percent  higher  than fo r  
the wing alone. A t  a Mach  number of 0.9, the value of reduced f l u t t e r  
speed based on the  coupled-torsion-vibration  frequency was lowest for   the  
wing alone, about 2.5 t ines  higher  for  the light stores, and. nore  thaa 
6 t h e s  higher  for  the heavy store. 
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LN'lliODUCTION 

5uLerous transocic I'liztter data for  irings are  available I'rm- inves- 
t igct ions miie i n   t n e  Lmgley  traxsonic blowdown tunnel (refs .  1 to 7) 
md in  other  facil i+,ies  (refs.  8 to   12 ) .  These data imiicste  the  effects 
of I'kc!~ nmber O L ~  the  transonic  flutter  boundaries of wings lhich cover 
a  vide  range of  y..ri?-g parameters. Although the flutter of wings w i t h  stores 
(end concentrated  weights) at sLibsoni-c speeds  has  receive6  attention (for 
exanple,  ref's. 13 t o  21) the problem ct tracsonic speeds  has  been  neglected 
i n   s p i t e  of the fact   thEt t3e transonic reg3he is  ofte-n- a c r i t i c a l  one for 
t h e   f l u t t e r  of .aircraft  coqonents. In order t o  provide some inforration 
on the   e f fec t  of stores on the   t rmsanic   f lut ter   character is t ics  of wings, 
the visg of reference 1 was selected  for  investigction  with  stores. 

Ir the investigation  the wing iras cmtilever-xounted md had m 
aspect-ratic-4, 45' sweptback, wtegeref i   p lm form. Three store config- 
urzticns were stuliied.  Tie  stores were mounteci on pylons. THO of the 
store&, wWch were located  near the r d d s d s p a n  of the wing  and had masses 
&bout 0.7 *ha% of the  wirg  semispa, had different  chordwise locations of 
the  centers  cf gravi-ly. Tie third  store,  which w a s  heavier and located 
far ther  outboard on the %ing than  the o-biier  two stores, we6  lnvestigated 
Efter a study of means to  obtain  higher  f lutter speeds w&s mde. The Mach 
nunber range  extended  from 0.8 t o  1.3. 

E 

A 

distance of wing elast ic   axis  behiEd midchord rtleasured n o m 1   t o  
quarter-chard  line i n  wing sexichords b (Elastic axis was 
aeasured  with wing c i a q e d  along a l ine   peqendicular   to  
leeding edge  and passing  through  intersection of wing t r a i l i ng  
edge md root.) 

aspect  ratio of full-span ~ L r g  imluding body intercept, span2 
Area 

% aegect r a t i o  of exposed panel of senispan  xirg, 
(Ekposed semis.~an)~ 

Emosed s d s g m  area 

b  serrichord of wing measured normal t o  quarter-chord  line, fi; 

C chord of wing  measured streanwise, Zt 

'a streamrise  distance cl" store  leading edge ahead of wing leading 
edge, f t  
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stremrise   dis tance or" store-gylon  ceater of gravity  behind - i n g  
leading edge, f t  

f l u t t e r  frequency, c ~ s  

natural bending vibretioa frequency, cps (i = 1, 2, 3) 

coupled  frequeocy of vi% -d th  store  iavolving pr-ily side 
bendizg of store-pylon, cps 

first natural  torsion  vibretion frequency,  cps 

calculated  Tlutter  frequeacy  for wing without  stores,  cps 

mcousled  r'irst  torsion  vibretion  frequency, 

f t  (. - A T ,  1 - fh,12/ft2 cps 

structural. dmping coefficient i n  first bending mode 

mass rnorcient of i ne r t i a  of store-pylon  ebout wing e la s t i c  
axis, slug-ft2 

mass moEent of i ne r t i a  of wing about wing e l a s t i c  exis per  unit  
length  along  quarter-chord  li-oe,  slug-ft2/ft 

mass XoEent of i ne r t i a  of store-pylon  ebout axis though center 
of gravity of store-pylon E4d. pare l le l   to   cen ter  line of store, 
slug-ft2 

mass nmarL of ine r t i a  of store-pylon  about axis through store- 
pylon  cecter of gravity end normal t o  plane of symnetry of 
store-pylon, slug-& 

&bf e 
reduced f l u t t e r  frequency, 

length  of quber-chord line of exposed wing panel, f t  

V, cos A 

mass of store-pylon,  slugs 

mass of wing per unlt length- along quarter-chord  line, slugs/Tt 



dynmic  pressure at flutter,   lb/sq f t  

nondjmensional radius of gyration of wing about wing elast ic  

wirg span, ft 

streamwise velocity of air at f lu t te r ,   f t / sec  

calculated streamwise velocity  of air at f l u t t e r  f o r  wlng 
without  stores,  ft/sec 

distance of wing center of gravity  behind wing leading edge 
measured norxal t o  quarter-chord line,  percent of chord 
no& t o  quarter-chord l i ne  

dis tame of wing elastic  axis behind wing leading edge measured 
no& t o  quarter-chord  line,  percent of chord no& to 
qumter-chord  line 

distance of w i n g  center of gravity beMnd wing elastic  axis 
neasured normal t o  quarter-chord l i n e   i n  wing semichords b 

spanwise distance from fuselage-sting  center  line  to  plane of 
symnetry of  store-pylon, f't 

taper   ra t io  of wing, S t r e m i s e   t i p  chord 
Chord in  plane of symuetry 

sweepback angle of wing 

w i n g  mass-density r a t io  

air densi ty   a t   f lut ter ,  

querter-chord Line, 

a t   f l u t t e r ,  - 
2 

?g, 

SPeb 

NODE323 

The wings used fn the present  iwestigation were 

. 

constructed similar 
(differences  are  noted  in  the  next  pmagraph) t o  those of reference I and 
are assuned t o  have the sane properties. These properties  are  presented 
in   t ab l e  I. The wings had an aspect-ratio-&, k5O sweptbeck, taper-ratio-1.0 
plan f o m  and NACA 65AOO4 streanwise airfoil sections  (fig. 1). Six wings 
were used  and are  iiesignated as wings 1 t o  6. Each wing was machined 
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from a  block of 2024T aluminum elloy. By using  the  design d&ta of refer- 
ence 22, the  st iffness of each wing was  reduced  by perforating  the  plan 
f o r ~ ~ w i t h  s number of holes;  the  holes were f i l l e d  with a polysulfide 
rub%er compound, the  outer  surface of which was  made fXash with  the 
remaining  metal. 

T'ne stores had fineness  ratios of 9. Each of  the  stores  used had 
the saze  external shape which coEsisted of a body of revolution having 
en e l l i p t i c a l  nose, s constmk-diameter  nidsection, and a conical t a i l  
sec-lion (fig.  2( a) ) . Wee  different  store  configurations,  each  having 
dlfferellt mess properties, were obtained by chmging  the  internel  ballast 
(fig.  2(b)) and are  designated as store  types A, B, end C. Each store 
was erttached t o  the wing with  pylons which were untapered, h&d 
EACA 65A005.5 strevnwise airfoi l   sect ions,  an& were  swept 45O. The 
pylom were constructed so that  the cenker l i ne  of  each store was paral- 
l e 1  t o  the  fuselqe-sting  center  lfne and was locaked 0.25 wing chord 
below the wing-chord plane  (figs. 1 and 3) .  The pylons were ettached 
t o   t h e  wing with three  steel   studs which passed  through  holes of smaller 
diaaeters  (fig. 1) than those  used t o  reduce the wing stiffness.  The 
wings used for  store  types A and B had their  three  smaller  diemeter  holes 
loceted  exactly the same as f o r  the wing  of reference 1. The wlng used 
f o r  store  type C had the mailer dianeter  holes  located  Tarther  outboard. 

As indicated  in  f igure 2(b) the stores were made of balsa with lead 
end tungsten  ballast. The pylon-s were d e  of' f iber  glass hpregnated 
w i t h . =  polyester-styrene-type  resin. The s teel   s tuds were Mbedded i n  
the pylons and stores for attachbg  the  store-pylons t o  the wings. A 
she l l  of resirk-impregnated fiber  glass was formed around the  store-pylon 
t o  m&e the  pyloa an integral   part  of the  store. 

The pmaaeters which describe the stores (including  the  pylons)  me 
presented in   t ab l e  11. It should  be  noted  (table 11) that the store 
types A and B %ad different  center-of-gravity  locations w i t h  respect t o  
%he wing but  that   the spanwise and chordwise locatioas of the stores on 
the wing, the masses, and the moments of iner t ia  of  the stores about the 
wing e la s t i c  exis were Tie sme, o r  nearly SO! the  stores of fy-pe C were 
locs t ed   f a the r  outboard on the w i n g  aad farther forward w i t h  resgect t o  
%he wing leading edge, had a greater mass an-d manent of iEert ia  about  the 
wing e las t ic  axis, and had a fmther  forwazd center-of-gravity  location. 

The vibration  frequencies and node l ines  were obtained w i t h  each 
wing panel lrounted as  a  cLn-tilever to a fixed supsort. The measured 
natural  vibretion  frequercies ob-lained f o r  each wi_ng parel  without  stores 
m e  given in   t ab le  IiI(e) along with those f o r  wing 1 02 reference 1. 
The natura  vibration  frequencies  obtained with stores axe given i n  
tab le   I I I (b) .  The node l ines  corresponding to   t he  f i rs t  torsion and 
second  bending frequencies of table III are  presented  in  figure 4 d o n g  
with  those  correspolldillg t o  the third beEdin& frequencies  for the wings 



w i t b c t  s tores E d  f o r  Yae wings with s to re   tme  A. For the wings w5Ya 
store  type 33 a frequency fs wes recordea  (table I I I (b) )  of a vibration 
xobe vhich had E rather  violent  side bending motion  of the  store and vhi& 
had the sane node l i ne  es that  obtained fo r  the second beatilng mode. No 
s7bilar store side benaing modes  were observed for store  types A and C. 

The side bending frequencies  for each store  type were zneasured with 
the w-ing c l w e d  along the chord  about 1 inch Trorri the  store  both inboard 
and outboard of the pylon; the wing w a s  so clanged i n  an &%tempt t o  remove 
the cot.iplLng between the wing and store. The frequencies measured f o r  
store  types A, B, an& C were 235, 185, and 95 cycles  per second, respec- 
t ively.  Although the  vfbration modes  were not charted, it w&s evident 
tha% the xode for  store  type C involved a greater  mount of yawing %ban 
those f o r  store  types A and B. 

. 
The t e s t s  vere d e  i n  the Lm-gley t rmsonic  blowdown tunnel. The 

tunnel has a slotted,  octagosal test  section which measures approxinately 
26 inches between flats.  A t  any predetermined l%ch amber up t o  
ebout 1.45, a stagr,ation  pressure of zp t o  75 pounds per squaze inch 
may be obtained in   the  tes t   sect ion.  The tunnel i s  particularly  useful 
f o r  f lut ter   invest igat ioos  in  thet a constan3 Mzch  number m y  be main- 
tained  in  the tes t  section while the  stagnation  pressure, and therefore 
the air density, i s  varied. However, it should be r-oted that   the  Mach 
number does not  uiqcely  define  the  velocity  in  the  test  section  since, 
during  the  operction of t&e tunnel, as air in   the  reservoir  is expended, 
the  stagnation  tqerature  continually  decreeses.  

For each run (defined as one operation of the  tunnel from valve 
opening t o  valve  closing),  the wing was clamped at an angle of attack 
of 0’ t o  EL 3-inch-diameter fuselage stirg (Pigs. 1 and 5 )  located  along 
the  center  l ine of the  tunnel. The stir4 extended upstrean  into  the 
subsonic  flow  regior” of the  tunnel  to  avoid  the  formation of a bow shock 
wave I”rOx the nose of the  sting. The stfng had a fundmental frequency 
of 15 cycles  per  secold w i t h  the m6el instal led end weighed about 
289 pounds. 

S-irain  gages >rere externally mounted on the wings =ear  the roo% on 
bot% top ard bottom surfaces  (fig. 3 ) .  An atte-t w a s  made to   or ient  
t’ae gages so t s a t   t he  bendicg and torsicn  deflections of the wing could 
be measured sepmately. During each run a recordhg  oscillogreph w6.s 
used t o  give e cor.rbinuous record of the  strain-gage  outputs, %he stagna- 
tion  pressure and terrgereture, and the  test   section  static  pressure.  
The records of  strain-gage  outputs were used to  iodicate  the occurrence 
of f l u t t e r  and the  flu’uter frequency. As an aid i n  Oetedning   the  



occurrence of flut-ler dizring a run, the output 02 the bending  gages was 
circuited  into  the  vertical  component and tha t  of the  torsion gages into 
the  horizontal co-ngonent 013 an oscilloscope so that  at f l u t t e r  a Lissajous 
figure would apsear on the scope of the  instruneEt. A high-speed  motion- 
picture  cmera wzs used t o  obtain  visual  records of the wing deflec3ions 
during f lu t te r   for   severa l  of the runs. Models used in more than oze 
run were checked for structural  denage by visual  irspection and by com- 
paring  Eatural  vlbration  frequeacies of the  mdel  obtained  before and 
a f t e r  each run. 

More cowlete  descriptions of the  tunnel,  the  test  grocedwe, and 
the  instrumentation  are  given i n  reference 3. 

Geaeral C m e n t s  

In the  ?resentation of the  results,  each expe rhen td   f l u t t e r  speed 
of the  whgs with stores Ve has  been  divlded  by a reference  f lut ter  
speed which was calculated  for  the w i w s  without stores VR. The f lu t t e r -  
speed r a t io  so formed is used i n  an a t i q t  t o  remove the  er"fects of air 
dens5.ty at f l u t t e r  asd the effects of the s m a l l  differences in wing- 
tors ioa  vibration  frequencies  fron  the  effects of Mach nmiber and store 
configurztion. The method of CalculatLDg the  reference  f lut ter  speeds 
of the wings was the   sme as that used in reference 3 which w a s  bssed 
on the Eethod of reference 23. Briefly,  the nethod consists of a 
Rayleigh-tne analysis in which two-dhensional  incompressible aerody- 
nmic  coefficients  are used. The reduced  frequencies fo r  -Lhese coef- 
Ticients  are  based on the  velocity no& to the  leading edge. The 
flutter-mode shap w z s  representedby a supeqos5tion of the first  as6 
secon6  bending and the first torsion node shages of a unilorn  cantilever 
be=. The neasured  nerturd f i r s t   t o r s ion  vlbration frequemies were 
wcoupled  for  use  in  the  malysis by the slnple formila  given in the l i s t  
of sy&ols; the Eeasured n a t u r d  bending vibration Trequencies were used 
as  the uncoupled values. 

Investigation of Store mes A and B 

In t h e   i n i t i a l  gark of the  present  investigation, wings with store 
types A end B were f lut tered at Mach nmibers from 0.80 t o  1.29. A COE- 
pilat ion of the q e r h e a t a l  and ane3ytical  results for the two config- 
urztions i s  given in table IV and a plot of the flutter-speed r a t i o  as 
a Ifunction 03 Mach nmiber i s  presented in figu-re 6. The variation of 
flutter-speed  ratfo "5th Mach nmber for the  wing without  stores, from 
reference 1, is a lso  presented  in  figure 6. 



From the  visual  observation of  f l u t t e r  an& the high-speed-cmera 
results, the  flutter  obtained with store types A and B appeared t o  be 
of the  bending-torsion  type. The flutter  frequencies were between the 
first-bending and first-torsion  natural  vibration  frequencies. The f lu t -  
t e r  usually  occurred w i t h  a sudden buildup f r o m  randcon o s c i l l a t i o ~ ;  
however, during  several  of  the runs a low  damping region  (defined as a 
period of doubtf'ul flutter  chazacterized  by  intermittent  sinusoidal  oscil- 
la t ions of  the w i n g )  preceded or follo-ved definite f lu t t e r .  It was pos- 
s ib le   for   the   tune l   to   opera te  during a given run so tha t   the   f lu t te r  
boundary vas intersected at more than one point, as i n  run 9, table IV,  
f o r  example,  where a s t a t ,  an end, and another start of f l u t t e r  were 
ell  obtained  during the same run. 

The flutter  points  obtained vi th  store  types A and B are shown t o  
fa l l  along a single  l ine  in  f igure 6 .  Thus, changing the  s ta t ic   center  
cf gravity of the stores from 38 percent of the chord (store  type A) 
t o  12 percent of the chord (store type B )  appears t o  have no large  effect  
on the   f l u t t e r  speeds. It ?.my be noted thct the nass and mass mcment of 
i ne r t i a  about the wing elastic  axis  for  store  types A and B were 
essentially  the sane. 

. 

Comparison of the  flutter-speed r & t i o s  obtained w i t h  store  types A 
and B with  those  obtained for the wing alone  (fig. 6) indicates  that 
addition of the stores reduced the   f l u t t e r  speed by 14 t o  19 percent at 
Mach numbers below 1.0. This reduction i n   f l u t t e r  speed seem rather 
small -$hen cansideration is given t o  the  fact  that the cocpled torsion 
frequency 02 the  wing w a s  reduced by 60 t o  70 percent w i t h  the addition 
of  stores A and B (table III).. In  the absence  of  coupling effects of the 
store on the wing, t he   f l u t t e r  speed would be  expected t o  be  nemly pro- 
portional  to the torsion frequency.  Since the  additioa of the stores 
reduced the   f lu t te r  sseed  considerably less then the torsion frequency, 
some favorable  coupling  effect from both  store  configurations i s  infii- 
cated. I n  the low sugersonic  range of Mach nuaibers, the rate of rise 
of  flutter-speed  ratio with Kach  number i s  seen t c  be about the saz~ie 
for  the wings with and without  stores. 

Node-Line Survey 

After obtaining the experimental results for  the cantilevered wing 
w i t h  store  configurations A and B, an s t tqt  was made t o  increase  the 
favorable  coupling  effect of the  store.  Since the f l u t t e r  speed appeazed 
t o  be relet ively  insensi t ive  to  movements of the  static  center-of-gravity 
position, at least  within the limits investigated for configurations A 
and B, another nethod of quali tatively judgi?lg the coupling i n  terms of  
the   f l rb te r  speed w a s  soxght. 
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A clue t o  a possible msthod is fomd  in  reference 24 which shows 
that, for the two-degree-of-freedom two-dbensional  case at low speeds, 
e Izatwal  vibration node lice at the 75-percent-chord s ta t ioa  resul ts  
i n  a miniam  f lut ter  sTeed. This  theoretical   result  appeared t o  be borne 
out in   the subsonic f l u t t e r  d&ta obtained with cantilever swept wings 
wi-Lh s t c re s   i n  refererrce 14. Pa exmination of the  torsional node l ines  
shown in  f igure 4(a) Tor the  plain Wtng md for store con-fZgurEttiocs A 
and B indic&.tes a reiat2vel.y mall difTererce  in the node-line  positiom 
f o r  the two store  configurations, althorzgh, i n  co?qarison with  the  plain 
wir?g, the node l ines  f o r  the  store  configurations  me  smwhat  farther 
f o r m r d  over the outer _D& of the wing. The asswaptior wzs therefore 
made thz t  a torsional. node lice T a r  forward of those of configurations A 
m d  B night be  bdicEtive of a f avord le  coupling  effect. 

Accordingly, vi-bration t e s t s  were made for a rimer of different 
store  codigurations. Tne vibration -Lests were made with s tore  type B 
at s2x spanwise positions  otfier thm the one previously  tested, at seven 
spanwise posit iors w i t h  the  center of  grevity of store  type B moved for-  
ward, and at seven spawise  positions with s-lore type C, wh5ch had a 
still I’mther f0mT-d center-of-gravity  locekion ( f ig .  7). The node 
l ines  f o r  the funclanental coupled  torsion  vibration Eode obtabed with 
each store  corfigmztion  we  presented i= Tigure 8. Ratios of coupled 
first and secoEd bending  Trequencies t o  the  ibd.amentzl coupled torsion 
Trequency f o r  each of the  store  configurertions  me  presented in figure 9 
and table V. it nay be noted tht store  type C at the mst outboard 
locekion ( f ig .  8(d)) gave the most forward posit ioa of the torslon v5bra- 
t ion  node line; Cn5.s store  configuration was selected for f lu t te r   t es t ing .  
It rray also be  noted  that, as this s tore  was moved along the s p a  
( f ig .  g), tine r a t io  of second  bending to  torsion  frequency  iacressed 
Zron a value of about 2.3 near  the  root t o  Etbout 5 at the  position  used 
Tor t he   f l u t t e r  tests. 

Investisation of Store Type C 

The resu l t s  of the   T lu t te r   t es t s  of the ~ L n g  wLth store  type C ere 
included in   t ab l e  i V  md i n  Tigure 6. A s  with store types A and B the 
f l u t t e r  aspeared t o  be of the ben-ding-torsioE  type end the   f l u t t e r  fre- 
quencies were betwea the f i rs t -benang md first-torsion  natural   fre- 
quencies; however, the f l u t t e r  TZS of e less destructive nerture than 
w a s  obtained w i t h  the two grevfous s to re  t s e s .  No f l u t t e r  could be 
ob-iained within  the  Qnanic-pressure  rmge 02 the  tunnel  duricg  three 
runs nade at the  higher  supersonic Mach nunibers; during one of these 
runs, however, low &mpFng occurred  just below md continued up t o   t h e  
rr?axir;iuul m a n i c  pressure  obtaiced. The three  no-flutter  points  are 
iacluded i n  the resul ts   ( table  I V  md 2ig. 6 )  t o   a i d   i n  drawing the  f lut-  
t e r  boundary f o r  this colls”iguration. 
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A t  subsonic biach nmibers the  flutter-speed  ratios  obtained  with  store 
type C ( f ig .  6) were higher  than  those  obtained vLth store  types A and S 
and abmt the same as those  obtained wzLt'rr the wLng alone. The f lu t te r -  
speed ret50  increaseC wiYn  Mach nuriber E;t a greater  rate  for  store  type C 
than  for %he otlzer ccnfigurations;  thus, the f l u t t e r  bounCkry at low 
supersonic Mach nuribers was considerably  higher for   s tore  type C thex 
for   tke :&lg alone 3r w5tk store  types A or  B. It is  of   in te res t   to  
note th&.t, i f  the caupled torsional  frequencies or" the  vmious  configura- 
t ions were used t o  fora; a reduced f l u t t e r  speed the val-aes of 

redcced f luc te r  sgeed at a Mach wriber of 0.9 w o u l d  be  lowest f o r  %he 
ving  alone, y..ioiLd be about 2$ t h e s  higher  for  store  types A end B, end 

=ore t5.m 6 t b e s  higher for store ty-p C. Thus, for  store  type C a very 
favorable  coupling  effect wes obtained. 

a b f t '  

The resu l t s  of  t rmson ic   f l u t t e r   t e s t s  with cmtilevered,  aspect 
r a t io  k ,  k5O sveptback,  untapered wings having three  different pylon- 
mo-mted exterral-store conf igza t ions  have indicated the followiag: 

1. The f lut ter   sseed XES not changed when the store  center of gravcty 
w a s  xoved from 38 t o  12 percent of tke chord for  stores  located at &out 
the xidsexispan  an5 weighing  aboxt 0.7 of the semispan wing. The flutter 
speeas f o r  these  tvo  stores were from 1k t o  19 percent  less than those 
obtair_ed wiYn  -;he xings  alone at su5sor.ic  sgeeds. The r a t e  of rise of 
f lu t te r  s p e d  wiYI Mach n - d e r   i n  the loT$ szpersonic  range was &out the 
sane for  the wing -with stores &s fo r  the plain wir-g. 

2. A third  store  vas  investigated, which W B S  about  twice as heavy 
as the  other two stores, was located ne= the  wing t i p ,  and had the 
fa r thes t  forwazd location of the coupled torslon  vibration node l ine.  
Tne f l u t t e r  speed for t h i s   s to re  xes about the  seme for the  -wing alone 
at subsocic 4kch  nunbers. Floweve=., tke   ra te  of rise of f l u t t e r  speed 
xi-Lh Mach zmiber was Ugher f o r  t h i s   t h i r c   s to re   t han  f o r  the  other two 
stores  or for   the  -sing alone; thus, zt a Mach amber  of 1.15 the  I l lutter 
sgeed was 19 percent  higher -L?m for   the  wing alone. 

3 .  A t  a K::ach nmher of 0.9, t'rte valrre of reduced f l u t t e r  speed bEsed 
027- the coupled-torsion-vibratior frequexy was lowest for   the '.ring alone, 



about 2.5 tines higher Tor the light stores, and mre than 6 times higher 
.) lor %he heavy store. 

Lmgley  Asromuticd bboratory, 
Netional Advisory Comittee for Aerorautics, 

Lan-gley Field, Va., May 1, 1957. 
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S t r e m i s e  airfoil sec-i;ion . . . . . . . . . . . . . . . .  NACA 65AO04 
A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 
A, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45 
h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.0 
Ag . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.57 
C ,  ~“ t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.292 

2 ,  ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.648 

s, ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.166 
b, ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.103 
raw. slug/r”t . . . . . . . . . . . . . . . . . . . . . . . .  6.77 X &. slug-ft2/ft  . . . . . . . . . . . . . . . . . . . . .  18.0 x U T 6  
Xes.............................. k2.5 

xu . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.03 
xCg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  44.8 
a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -0.15 
ru2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.25 
gh . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.007 

. 
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Store type Store center-of-gravity 
choravTse location 
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wing leading edge 

0.05~ ahead o r  
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Store 
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(a) Wing w i t h  store type A or B. 

Figure 1.- Sketches of nodels. All dirr_ensions are in inches. 
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(3) Wing w i t h  stme type C . 
Figure 1. - Concluded. 
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r o f  store body 
Ordinatea 

Radius 

0 
.051 
.lo8 
.192 
.269 
9 317 
9 347 - 364 
9 370 

*3  4 
-347 
317 

.269 

'3lO 

0 

1 Y a e a J ' o n  (parallal t o  store  oenter l i n e )  
Unta mad pylon  has NACA 65~005.5  a ir fo i l  

threaded as No. 6-40 acraw 

A A 

0.10 dinmoter studs  threaded as No. 3-56 screw8 

Top view 

Front view Side view 

(a) General store dimensions Sectional view A-A shown in figure 2(b). 

Figure 2. - Sketch of model stores. All dimensions axe i n  inches. 



\- c.6. of Icad cyhnder, 
.001'/1 slug .70 dhm. .bG low 

104 t : h g  .SO diam. ..12 long: 

" 
" 

! 
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.- 

Btorr type C 

(b) Sectional v i e w  A-A showing details of construction of stores.  Stores were covered by 
approximately 0.02 thick  layer of fiber glass sheets fmprcgmtcd with a polyester- 
styrene ty,pe resin. 

L s 

Figure 2. - Concluded. 
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L-92878. 1 
(a) Underside view of wing with store type A or B. 

Figure 3.- Photographs of' models. 
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(b) Underside  view of wing with store type C. 

Figure 3. - Concluded. 

L-92879.1 
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(a) First torsion xode. 

Figure 4. - N ~ t u r a l  vibration Eode l k e s  . 
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(-9) Second benang mode. 

Figwe 4. - Contimed. 



(c )  Third bendir?g mode. 

lkgilre 4. - Concluded. 



Section A-A 

/-\ 

I Support 

Figure 3.  - Plan view of -ley transonic blowdown tunnel showing model w i n g  with store 
type A or B installed. 
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Store type 
0 S t w t  of f l u t t e r  A 

S t a r t  of f l u t t e r  Dab.. 

End of f l u t t e r  . ,.. ... 
'$ Start  of f l u t t e r  ..... 
@ Max. q nithout f l u t t e r )  
A S t a r t  of f l u t t e r  ..... none 

- - - Low damping 

1.6 

VR 
1.2 

1.0 

.8 
7 .8 .9 1.0 1.1 1.2 1.3 i.4 

Me 

Figure 6 .  - Variation of flutter-speed  ratio with Mach  number for w i n g  with and without stores. 
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Figure 7.- Store-pylon  center-of-gravity  locations a t  which vibration surveys and f lut ter  tests 
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No store 388 
338 127 ””” 

(a) Cen5er of  gravity of store-pylon  type A- a t   0 . 3 8 0 ~  behind w i c g  
leading edge. 

Figure 8.- Measured coupled  torsion  frequencies znd nade lines with  the 
stores a t  vzrious spanwise locations. 
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(b) Center of gravi ty  of store-Fylon tme B zt 0.117~ behind w i n g  
leading edge. 

'igure 8.  - Cmtiniled. 
. 
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No store 
.378 
.464 
.550 
336 
:n1 
307 
.a83 
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( c )  Center of gravlty of store-pylon tme B a t  0 . 0 5 4 ~  ahead of wing 
leading edge. 

Figure 8. - Continued. 
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Xo s-ore 
.3?e 
.&E4 

NACA RM ~ 5 7 ~ 2 3  

288 

(a) Center of gravity cf store-2ylon t E e  C a t  0.248~ ahead of wing 
leading edge. 

Figure 8. - Cznclucied. 
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0 Store-pylon  type A, c.ge a t  0 . 3 8 ~  behind wing leading edge 
0 Stors-pylon  type B, C. g. a t  0.12~ behind ring leading edge 
0 Store-pylon  type B, C b  g. a t  0.0% ahead of wing leading edge 
A Store-pylon type C, C b  g. at  0.2% ahead of ring leading edge 

- 7  

Figure 9. - Variation of frequency spectrum with spanwise location of 
stores . 
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